Abstract: Agricultural activities are responsible for the deterioration of essential ecosystem services like clean water, air and soil. This literature review has identified a multitude of sources for water quality deterioration and emphasised on agricultural pollution due to excessive use of nutrients particularly nitrogen fertilisers. Through this paper, it has also been attempted to identify the upstream cause of fertiliser-linked water quality degradation issue by the cross-sectoral study of the various drivers of fertiliser use intensity. The synthesis of cause and effect has resulted in broader and deeper understanding of the scope of nutrient management at farm level. The paper advocates embracing an integrated water resource management practice as an instrument to manage provisioning and supporting ecosystem services. The review emphasises to focus on the synergistic effect of various factors consisting of socio-economic, personal, institutional and agro-ecological factors to mitigate the nutrient pollution problem as well as the resilience of natural resources. The understanding of farmer fertiliser use pattern can be pivotal in meeting the challenge of sustainable agro-ecosystems by decreasing the trade-offs and maximising the synergies between various factors.
Introduction

Background
Agriculture has a major role in the world economy as it is a largest economic sector in several parts of the world. Approximately 40% of world's population is engaged in agriculture and its allied activities to achieve food security (FAOstat, 2011) . Food security is resulting in serious and ever-increasing environmental damage that is threatening the long-term sustainability of agriculture. Agriculture and its associated industries are becoming a major source of concern in the wake of their rising environmental footprints. Pollution rates are getting linked to intensification of agricultural activities, i.e., large-scale livestock production, pesticide application, excessive fertilisation of crops, etc. As there is no scope for horizontal expansion of our agricultural land additional amount of food grain has to be harnessed vertically in which agricultural inputs like pesticides, fertilisers, insecticides are having a toll on the ecosystem itself. A doubling in global food demand projected for the next 50 years poses huge challenges for the sustainability both of food production system and ecosystems and the services they provide to society (Khan and Hanzra, 2009) . Agricultural intensification through the use of inputs like fertilisers has helped to meet increasing global food demands, however, it had negative impacts on the environment and essential ecosystem services (clean water and fertile soil), which might have a negative feedback on sustainable crop production ( Figure 1 ). There is growing concern over the link between the use of fertilisers and leaching of nitrate from soil to water in almost every part of world (Chowdary et al., 2005; DeSimone and Howes, 1998; Dunn et al., 2005; Howden et al., 2013; Jordan and Smith, 2005; Liu et al., 2005; Shrestha and Ladha, 2002; Wongsanit et al., 2015; Yang and Fang, 2015) . There is rising issue of water security due to extensive use/misuse of water on one hand and fertiliser-linked qualitative degradation of water for food production on the other. This challenge can be dealt through effective management of agri-input (fertilisers) and on-farm activities. 
Fertilisers and food security
The fertiliser industry has been the major contributor in bringing food security through a green revolution in all over the world (Kliopova et al., 2016) . The technological invention of manufacturing synthetic fertilisers came as a boon to the farming community. It helped to increase the agricultural productivity per acreage of the crop by providing adequate nutrient support to the crop (Sun et al., 2012) . The demand and consumption of fertilisers increased over the years with the increase in population and with increased government focus on the issue of food security. Use of fertilisers is essential for intensive agriculture (Frate, 2007) as fertilisers improve farming efficiency by improving soil quality. The judicious use of fertiliser improves the mineral, protein and vitamin content of crops by providing an adequate level of nutrients. It reduces soil erosion as fertiliser usage leads to the well-developed canopy and extensive root system which fights better against wind and water erosion. Fertilisers increase water use efficiency of crops thereby producing more yields per unit amount of water. The use of fertiliser also purifies the air by stimulating plants to absorb more CO 2 from the atmosphere. Thus, more food grain production for mankind has become possible by increased use of fertilisers. This demand for fertilisers has further gone up globally in the last decade to meet the challenges of food grain production. Agricultural scientists have consistently come up with innovative initiatives to fulfil the increased food grain demand due to increase in world population (Li et al., 2015b) . However, most of the initiatives like breeding and green revolution were based on intensive use of fertilisers. Source: World fertiliser trend and outlook to 2020 (FAO, 2017) 
Fertiliser industry: growth scenario
According to a study conducted by Food and Agricultural Organization (FAO, 2017) , world consumption of total fertiliser nutrients is estimated to grow at 1.9% per annum from 184.02 million tonnes in 2015 to 201.66 million tonnes by the end of 2020. The global demand for nitrogen, phosphate, and potash is expected to grow annually by 1.5%, 2.2%, and 2.4% respectively during 2015-2020 (Figure 2 ). If we compare the demand for nitrogenous fertiliser alone in different regions of the world, Asian countries exceed in comparison to other parts ( Figure 3 ). Fertilisers industry is one such input industry which has contributed to food security but is leaving environmental footprints in current times (Gilbert et al., 2014; Jorquera et al., 2014) . Besides the regular monitoring of water quality status to assess the damage caused by synthetic fertilisers, one of the solutions to efficient fertiliser management is to look into the factors causing excessive use of select synthetic fertilisers. An in-depth study of fertiliser usage patterns, its point and non-point sources of pollution, water monitoring and field data from stakeholders especially the farmers may help in mitigating the problem of environmental problems like an algal bloom, eutrophication and human health problems due to water contamination.
Figure 3 World and regional nitrogen fertiliser demand 2015-2020
Source: World fertiliser trend and outlook to 2020 (FAO, 2017) 
Methodology
Agricultural practices heavily rely on water, but currently, mismanagement of agroecosystem is causing obstacles in realising the benefits of natural ecosystem services. Keeping these things in mind, in this review, before understanding the connection between food production system and its environmental footprint specifically, various other sources of water quality degradation have been discussed. Further, the studies on fertiliser use and its impact on the environment have been studied into two phases. In the first phase, the impacts of fertiliser manufacturing, its usage has been captured while the second phase highlights determinants for high fertiliser usage (Figure 4) .
Research papers for review were selected primarily from online databases like Google scholar, EBSCO and pro-quest using the combination of keywords and phrases to capture extensive literature on agricultural intensification, water quality, impact on air quality, soil quality, nitrogen-fertiliser use, nutrient pollution, environmental security, farmers' decision making, adoption of farm technologies and environmental behaviour, etc. We imposed language limits to articles published in English only. Search was done in peer-reviewed journals only and is not restricted to a particular crop. 
Resource management through integrated water resource management approach
Agriecosystem is one of the prime providers of ecosystem services as it consists nearly 40% of the terrestrial surface of the earth. Agriculture in this context can be seen as a defining factor in soil/water/land management as it is a provider and consumer of resources. Agriculture can contribute to ecosystem services, but can also be a source of disservices, like agrochemical contamination, sedimentation of aquatic sources, pesticide poisoning, climate change and greenhouse gases emissions (Dale and Polasky 2007; Zhang et al., 2007) . Linking these disservices more closely to agricultural activities through incorporating the externalities by understanding this nexus has the potential to reduce these negative environmental consequences of agricultural practices. Off-late agri-intensification is putting pressure on the sustainability of terrestrial and aquatic ecosystems which calls for managing agri-related resources through multiple dimensions. Water degradation through heavy input use of agrochemicals is impacting ecosystem services on the one hand and productivity of agri-system at the other. Integrated water resource management (IWRM) can be one of the approaches to deal with these kinds of agricultural externalities by taking a systems view of agri-related problems, integrating various dimensions like land/water/soil. IWRM can be a critical alternative approach for agricultural intensification as it minimises the negative impact on natural ecosystem without compromising the yield levels of agricultural productivity. Agricultural production system needs to be managed effectively for uninterrupted ecosystem services. INRM is an avant-garde of water resource management as it follows holistic approach for water management as well as other related resources (Van der Keur et al., 2008) . It links various dimensions of physical, natural and social sciences. IWRM works on the principle of integrating stakeholder participation from various sectors for sustainable water management. It also enables the environment for resource use efficiency by capacity building of local public and generating awareness and knowledge base about ecosystem services. The agricultural intensification exploits the ecosystem services immensely which disturbs the integrity of agro-ecosystem (de Fraiture et al., 2013) . There are basically four types of ecosystem services-provisioning which includes fresh water, genetic resources and food and fibre; regulating services consists of regulation of natural processes like climate, aquifer recharge and biogeochemical cycles; supporting services comprises nutrient cycling, soil formation and crop pollination; cultural services includes the recreational, spiritual and aesthetic benefits of natural systems. Vital ecosystem services are in danger because of unsustainable use of land and water resources. The management of ecosystem services is always much influenced by decisions and actions taken by various sectors. Particularly, in the agriculture sector, high fertiliser use intensity by crop producers degrades terrestrial as well as the aquatic ecosystem. Over application of fertilisers particularly nitrogen ones, deteriorates soil quality by increasing soil acidity and soil compaction; emission of nitrogenous greenhouse gases causes air pollution and heavy metal accumulation by the long-term use of some phosphatic fertilisers causes a loss of biodiversity (Goering et al., 1993) . Besides ecological impact, it also causes health hazards like methemoglobinemia due to nitrate contamination of drinking water. Improved resource use efficiency is a key element of sustainable agricultural intensification. The downstream effect of increased fertiliser use intensity on water and soil particularly calls for IWRM to translate resource use efficiency as a practical management tool. Through systems perspectives of IWRM, this study aimed to fill the significant void among stakeholders (farmer) understanding of issues concerning the management of natural resources. There is considerable scope for managing natural resources by improving on-farm water and fertilisation practices by following the principles of IWRM. IWRM has been viewed as an approach to resource management, here in this study it has been linked with stakeholder participation for sustainable crop production system. To meet the long-term impact of crop intensification on the downstream erosion of ecosystem services, in this review we present IWRM as an effective management option for water, soil and allied resources. This paper argues that IWRM can be instrumental in coordinating all provisions of ecosystem services with multiple aspects of human socio-economic systems ( UNESCO-WWP, 2006) . The review explores the fertiliser-linked resource degradation in the broader context of IWRM with emphasis on stakeholders ( Figure 5 ). 
Water and other ecosystem services: degradation
Agroecosystem is an integral part of different ecosystem services as it acts both, producer as well as the consumer. It serves its provisioning services like food, fibre and energy, but it in turn also consumes the services provided by the natural ecosystem. Water is a natural resource and also one of the ecosystem services (provisioning) which forms the basis of life, livelihood, food security and sustainable development (Montesinos et al., 2011) . The natural and human activities have a substantial impact on the provision of beneficial services provided by water. Broadly, there are two types of contamination sources that attribute to the worsening of water quality problems in water bodies, such as in lakes, estuaries, rivers and coastal regions: point sources and non-point sources.
• Point sources are technically defined as any discernible, confined and discrete conveyance from which pollutants are or may be discharged. It includes landfills, leaking gasoline storage tanks and leaking septic tanks.
• Non-point sources are diffuse sources of contamination and include naturally occurring contaminants, such as iron, arsenic and radiological and chemical runoff from pesticides and fertilisers that infiltrate the soil and make their way into an aquifer. Table 1 shows the category of various sources of water contaminant.
Water quality and natural sources
Several studies in literature have reported that various natural activities, as well as man's short-term exploitation and mismanagement of water resources, is the root cause of poor water quality (Akbal et al., 2011; Bellos et al., 2004; Omo-Irabor et al., 2008; Wang et al., 2007) . Geological formations, seawater intrusions, and infiltrations from surface water bodies are primary reasons for naturally occurring water contamination (Baba and Tayfur, 2011; Santolaria et al., 2017) . Trace elements from a variety of natural sources have contaminated groundwater (Leung and Jiao, 2006; Newcomba et al., 2002; Ramessur, 2000) . Ramesh et al. (1995) have studied the presence of toxic elements (As and Se) due to anthropogenic activities and saltwater intrusion. Das (2003) reported that weathering of rocks causes groundwater pollution. Rao (2008) reported the high concentration of iron (400-53 μg l -1 ) exceeding the recommended level due to geogenic processes in ground waters of Vishakhapatnam environs. A similar study was done by Mondal et al. (2005) which showed concern over the potential accumulation of trace element concentration in groundwater of coastal aquifer owing seawater encroachment. Inductively coupled plasma mass spectrometry results revealed that the toxic element Pb was 1.64 times and As was 2.78 times more than the maximum permissible limits of drinking water. Wang et al. (2015) used self-organising map technique to study the impact of the natural and anthropogenic process on river water quality and found suspended solids to be a natural factor for polluting upstream tributaries. 
Water quality and anthropogenic sources
Concerns towards deteriorating water quality are rising due to anthropogenic activities at local, regional, national and global scale (CGWB, 2010) . Anthropogenic groundwater contamination is ascribed to the extreme use of agricultural fertilisers and pesticides, mining wastes, disposal of industrial wastes, waste disposal sites, and imperfect good construction. Groundwater contamination due to waste disposal operations, domestic sewage, effluent from septic tanks and soak pits have become a severe problem in aquifers that are major source of supplying drinking water in many countries (De Andrade et al., 2008; Dwivedi et al., 2007; Ozler and Aydin, 2008; Raju et al., 2011) . Studies from different regions of India like Pujari et al. (2012) and Vijay et al. (2011) have shown that microbial and chemical contaminants like chloride and nitrate, generated from human waste have impacted the groundwater quality. Contamination due to on-site sanitation increasingly adopted in many urban cities was more in a monsoon in comparison to summers. Reddy et al. (2011) found unhygienic sanitary conditions and livestock waste dump pits in the villages in Central India as a source of groundwater contamination by nitrate. Hamner et al. (2006) highlighted the role of water use pattern and sewage pollution in Ganga River in Varanasi. Logistic regression analysis revealed significant associations between water-borne/enteric disease occurrence and the use of the river for bathing, laundry, washing eating utensils, and brushing teeth. Chanpiwat and Sthiannopkao (2014) reported the source of water contamination by heavy metals like Al, Cd, Co, Mn, Ni, Pb and Zn were industrial and household activities in Southeast Asian aquatic environs. Li et al. (2014) highlighted the release of urban sewage with high COD and ammoniacal-nitrogen concentration were as significant source of contamination in riverine environs of China. Beldean-galea et al. (2016) highlighted the occurrence of polycyclic aromatic hydrocarbons due to pyrogenic and petrogenic sources of water pollution.
Water quality and industrial sources
Among anthropogenic activities, the rapid development of industries is one of the flagrant abusers of water quality as it impairs water quality in several ways . Industries like textile mills (Carneiro et al., 2010) , paper and pulp (Bajpai and Bajpai, 1994) , sugar, thermal power plants, electroplating plants (Fresner et al., 2007; Hang et al., 2009; Liu et al., 2011) , leather related industries (Dwivedi and Vankar, 2014) and fertiliser plants release their effluents directly into nearby water bodies posing serious threat to the ecosystem (Obire et al., 2008; Saranraj and Stella, 2014) . The release of unprocessed wastewater effluents from fertiliser plants which include nitrogenous and phosphate compounds, micronutrients such as potassium, sodium, silica, sulphur, fluorine, as well as by-products like phosphogypsum, pyrite ashes, calcium carbonate, soluble salts are also responsible for poor water quality (Singh, 2009 ). Mandal and Sengupta (2005) reported the leaching of toxic elements from the ash pile of the thermal power plant as the major source of groundwater contamination. Fick et al. (2009) and Larsson et al. (2007) highlighted the contamination of water environment due to the release of drugs from pharmaceutical industries.
In India, numerous researchers have reported groundwater pollution by industrial processes (Kaplay and Patode, 2004; Mondal et al., 2005; Rao et al., 2012; Shivkumar and Bhiksham, 1995; Singh et al., 2006; Sobha and Anish, 2003) . Chandra et al. (2006) assessed the water quality degradation from effluents released from paper and pulp industry. The seasonal physicochemical and microbial parameters like BOD, COD, TDS, TSS, sulphate, chloride, sodium, nitrate, potassium, lignin and phenol were reported to be significantly high impacting water degradation by 20-30 times after mixing of pulp paper mill waste. Furthermore, it also indicated 88-114 fold increase in MPN value of E. coli in river water after mixing of effluent in summer, monsoon and winter. Water pollution due to several mining activities has been reported from different parts of the globe (Gemici, 2008; Hadži et al., 2007; El Khalil et al., 2008; Smolders et al., 2003; Zornoza et al., 2012) . In India, the intrusion of heavy metals in groundwater was studied by Mishra et al. (2008) in coal mining areas, Giri et al. (2012) in uranium mining areas and Mohanty et al. (2012) in chromites mining areas.
The heavy dependence on agriculture and use of fertilisers has deteriorated water quality with impact more pronounced in developing countries. According to Environment Protection Agency (EPA) (1997) report chemical leaching and runoff from agricultural practices are responsible for more than 50% of contamination of water bodies (Cook et al., 1995; Lee et al., 2003; Oeurng et al., 2011; Prasuhn and Sieber, 2005; Rajmohan and Elango, 2005) . Application of pesticides (Chau et al., 2015; Cerejeira et al., 2003; Huber et al., 2000; Jayashree and Vasudevan, 2007; Kaushik et al., 2012) , fertilisers and other organic compounds have directly or indirectly affected the concentrations of a large number of inorganic chemicals in groundwater. The quality of water deteriorates with heavy metals, nitrate and radioactive elements present in it (Camargo and Alonso, 2006; Nikolaidis et al., 2008) . There have been numerous instances of high nitrate level in groundwater across the world due to the agricultural activities (Alabdula'aly et al., 2010; Bernhard et al., 1992; Levallois et al., 1998; Spalding et al., 2001; Wang et al., 2015; Zhang et al., 1996) . Several cases of high concentration of nitrate exceeding the threshold limit of 50 mg l -1 for drinking water have been reported in countries like the UK, Denmark, Belgium, France, the USA and India (Agrawal et al., 1999; Banks and Soldal, 2002; Fried, 1991; Hudak, 2000; Strebel et al., 1989; Nolan et al., 1997; Singh et al., 2006; Wakida and Lerner, 2005) . The farm runoff containing nitrate and phosphate damages water bodies besides creating dead zones (UNEP, 2005) . Rodvang and Simpkins (2001) explored that agricultural land uses heavily contributes to nitrate concentration in water. Sankararamakrishnan et al. (2008) studied nitrate and fluoride contamination in groundwater. The study revealed that 19% samples exceeded the BIS limit of 10.2 mg l -1 nitrate-N and concentration as high as 166 mg l -1 nitrate-N was observed.
The high concentration of nitrates in the drinking water is leading to serious health problems including 'blue baby syndrome', diabetes mellitus, cancer, thyroid problems, respiratory and reproductive system illness (Ayebo et al., 1997; Knobeloch et al., 2000; Majumdar, 2003; Parslow et al., 1997; Yang et al., 1998) . Besides these, loss of habitat/biodiversity, algal blooms, eutrophication, hypoxia, and fish kills in wildlife has also been reported in many studies (Carpenter et al., 1998; Smith and Schindler, 2009) .
Soil as supporting ecosystem service is also another area of study while assessing impacts of fertiliser sector. Unsustainable agricultural practices are posing a threat to the integrity of soil quality regarding soil moisture, organic matter, pH and microbial biodiversity (Bommarco et al., 2013) . Soil problems such as soil acidification caused due to nitrate leaching deplete the soil fertility and subsequently decreasing crop productivity (Barak et al., 1997) . Furthermore, the application of phosphoric fertilisers is one of the leading sources of rising metal contamination in the soil environment, making its presence in the food and the feed chain (Giuffréde et al., 1997; McLaughlin et al., 2001; Taylor and Percival, 2001) . Natural radionuclides are the class of soil pollutants which are getting transferred through fertilisers into the soil (Al-Masri et al., 2004) . Application of phosphogypsum, a byproduct of phosphate industrial processes in fertiliser plants, is significantly contributing in transferring radioactive elements from soil to crops which pose a health hazard (Ramachandran and Mishra, 1989; Rutherford et al., 1994) .
The discussion mentioned above raises the question on the role of fertiliser: whether it is acting as a nutrient or an environmental pollutant? It indicates that as long as fertiliser is applied judiciously it acts as a nutrient but when the intensive application of fertiliser takes place then the surplus nutrients pose an environmental hazard. The next section discusses the impact of fertiliser on water, soil and air environment separately.
Fertiliser and environmental externalities
Fertilisers and water environment
Agricultural production often comes at the expense of water quality. High levels of nitrate in groundwater originating mainly from fertilisation practices have been encountered in almost all regions of the world Wongsanit et al., 2015) . Zhao et al. (2011) monitored N runoff and leaching from the rice-wheat soil. Average annual N runoff and leaching was 69.2 kg N ha -1 of which 82%-93% was from N runoff and only 7%-18% was from N leaching. For seasonal distribution, the wheat season contributed 57%-85% of total N, while the rice season contributed 15%-43%. Another study experimenting with the effect of nitrogenous fertiliser application on water quality done by Babiker et al. (2004) ). In another study by Kundu et al. (2008) inventory of nitrate enrichment in surface and groundwater in the Hooghly district of India citing intensive farming with high fertiliser doses was made. The results revealed that NO 3 -N content both in surface and groundwater varied from 0.01 μg ml -1 to 4.56 μg ml -1 which was below the threshold value of 10 μg ml -1 (WHO), however an increase in NO 3 -N was found with increasing rate of fertiliser application. Greenpeace analysed groundwater nitrate due to synthetic fertilisers in Punjab, India (Tirado, 2009 ). The major highlight of the report was ignorance among the farmers on the usage of fertilisers reflecting severely in nitrate pollution problems. 20% of sampled wells in agricultural areas had nitrate levels above the safety limits significantly correlated with excessive nitrogen fertilisers applied in the farm. Suthar et al. (2009) monitored groundwater nitrate contamination in rural areas of Rajasthan, India and reported NO 3 -levels in groundwater were ranging between 7.10-82.0 mg l -1
. Average nitrate for total samples was 60.6 mg l -1 , which exceeded the BIS permissible limit (22.6 ml -1
). It was concluded that heavy fertiliser consumption, highly coarse soils, high irrigation rates, well-developed canal network, etc., are some factors responsible for nitrate leaching to groundwater. Pérez et al. (2003) highlighted the influence of nitrate leaching through unsaturated soil on groundwater pollution in an agricultural area of the Basque country. Groundwater samples were taken from a network of wells on the aquifer scale. The results showed that the mass of nitrate leached from the cultivated zone (1,147 kg NO 3 -ha -1 ) was five times higher than that of the nitrate leached from the uncultivated zone (211 kg NO 3 -ha -1 ). Levallois et al. (1998) surveyed well water quality around potato fields of the Portneuf county Quebec to evaluate the quality of groundwater about the spatial relationship between nitrate concentration and their immediate environment. The effects of land use, soil types, topography, etc., over the migration of nitrates in the aquifer confirmed the positive relationship between intensive potato cultivation and groundwater nitrate concentrations. Jayasingha et al. (2011) studied the vulnerability of coastal aquifers due to nutrient pollution. The values of nitrate-N contents ranged from 0.6 to 212.4 mg l -1 in the dry seasons and 0.2-148.5 mg l -1 in rainy seasons. Phosphate in groundwater ranged from 0.2 to 5.7 mg l -1 in dry seasons and 0.04-10.35 mg l -1 with few exceptions in rainy seasons. Increasing trend of nitrate-nitrogen in groundwater was observed in vegetable growing in the sandy soil of the area. Lake et al. (2003) highlighted nitrate vulnerability of groundwater using GIS. The results revealed that the quality of water leaving the root zone, soil characteristics, permeability and aquifer type were the influencing factors responsible for expanding nitrate vulnerable zone. Beaudoin (2005) showed the effect of farming practices, soil type and crop rotations on nitrate leaching in the intensive agricultural field. The results revealed that nitrate concentration was primarily affected by soil type which varied from 31 mg l -1 in deep loamy soils to 92 mg l -1 in shallow sandy soils.
Another study done by Lee et al. (2003) developed statistical models for groundwater quality using GIS. A higher nitrate concentration was observed in shallow wells (less than 40 m) than in deep wells (deeper than 40 m) in both the dry and rainy seasons. Thorburn et al. (2003) studied the extent of elevated nitrate concentrations in areas of intensive agricultural production in coastal Northeastern Australia and assessed the temporal trends in those areas with elevated nitrate concentrations. They examined the likely source of the nitrate by comparing δ15N values of groundwater to those of possible industrial or organic nitrogen contaminants. In 49% of wells, δ15N values were < 2% indicating that nitrate was most likely to have come from an inorganic source (such as urea fertiliser).
Besides the use of fertilisers, its production also contributes extensively to environmental problems (Madanhire et al., 2015) . Alam and Hosain (2009) assessed the quality of effluent released into the river from the natural gas factory. The concentration of suspended solids was in the range of 445-950 mg l -1 , which was above the permissible limit (100 mg l -1
). Dissolved oxygen of the wastewater was found to be 2-3 mg l -1 which was against the standard (4.5-8 mg l -1 ). Oil and grease concentrations were found in the range of 28-68 mgl -1 . Phosphoric fertilisers are another form of fertiliser whose manufacture, transportation, warehousing are some main sources of cadmium and arsenic contamination in ambient environments (Giuffréde et al., 1997; Langer and Guenther, 2001; Taylor, 1997; Taylor and Percival, 2001 ). Mirlean and Rosenberg (2006) investigated the distribution of Cd and As in rainwater, surface soil and groundwater in the influence area of phosphate fertiliser factory. The analysis of rainwater showed the leaching of Cd (1 μg l -1 ) and As (7.27 μg l -1 ) in the nearby area. Table 2 presents a summary of the studies done by various researchers on fertilisers and water quality degradation. The analysis of rainwater showed the precipitation of Cd (1 μg l -1 ) near the emission source whereas As (7.27 μg l -1 ) precipitated farther, which was more than 50 times the background level (0.14 μg l -1 ) The concentration of suspended solids was within the range of 445-950 mg l -1 , which was above the permissible limit (100 mg l -1 ). Dissolved oxygen of the wastewater was found to be 2-3 mg l -1 which was not satisfying the standard (4.5-8 mg l -1 ) 
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Monitored N runoff and leaching from the rice-wheat soil Average annual N runoff and leaching was 69.2 kg N ha -1 of which 82%-93% was from N runoff and only 7-18% was from N leaching. For seasonal distribution, the wheat season contributed 57%-85% of total N, while the rice season contributed 15%-43%
Fertilisers and soil environment
Besides provisioning ecosystem services (fresh water), exuberate use of fertilisers is known to impair the supporting ecosystem services. Table 3 presents a summary of the studies done by various researchers on fertilisers and soil quality degradation. Several studies have reported that long-term application of phosphatic fertilisers contribute to the accumulation of heavy metals in the soil, which can be taken up by plants and passed on the food chain to animals and humans (Alloway, 1990; Aoun et al., 2010; Brigden et al., 2002; Haktanir, 1992; Huang and Jin, 2008; McLaughlin et al., 2001; Modaihsh et al., 2004; Nicholson et al., 2003) . Nziguheba and Smolders (2008) surveyed phosphate fertilisers sold in the market and found that 196 samples from 12 European countries had average metal concentrations (mg kg -1 ) as 14.8 (Ni), 7.4 (Cd), 166 (Zn), 2.9 (Pb), 7.6 (As), and 89.5 (Cr). The trace metal concentrations were positively correlated with the P concentrations confirming that the rock phosphate was the major source of these elements. A similar study carried by Atafar et al. (2010) highlighted the increased concentrations of heavy metals (Cd, As and Pb) in cultivated soil due to excess fertiliser application by comparing the metal concentrations before fertiliser application and post-harvest. Wang et al. (2014) and Mar et al. (2012) reported that intensive crop production by phosphate fertilisation was enhancing Cd concentration in soil than usual. Another study done by Tu et al. (2000) showed that application of N, P and K fertilisers may change the bioavailability of heavy metals like Pb and Cd present in the soil by changing the soil properties. Chen et al. (2008) and Cheraghi et al. (2013) highlighted the increase in the trace element concentration in the vegetable cultivated areas due to fertiliser application. The elemental analysis of the samples showed a positive correlation between the fertiliser application and metal concentrations (As, Cd, Pb, P and Zn) in the soil. Ju et al. (2007) compared nitrate accumulation and soil quality deterioration due to excessive fertiliser application in two contrasting intensive cropping systems, i.e., greenhouse vegetable systems and wheat-maize rotations. The results showed excess N, P and K, i.e., 4,328, 1,337 and 1,466 kg ha year -1 respectively in greenhouse vegetable systems as compared to 346, 65 and 163 kg ha year -1 respectively in wheat-maize fields. Also, the mean cadmium concentration in the vegetable soils was 2.8 times higher than in the wheat-maize rotations. Kong et al. (2014) reported accumulation of Cd, Cu, Pb and Zn on the top layer of poly-tunnel greenhouse soil due to over application of fertilisers.
Natural radionuclides are another source of soil pollutants which are transferred in phosphatic fertilisers during its manufacture process. These radionuclides enter in the soil through the application of fertilisers and may become a potential health hazard to humans (Al-Masri et al. 2004 ). Phosphogypsum, a byproduct of phosphate industrial processes contributes the radioactive transfer from soil to crops (Ramachandran and Mishra, 1989; Rutherford et al., 1994) . Aoun et al. (2010) investigated the distribution of heavy metals and polonium-210 in the soil surrounding the phosphate fertiliser industry. Heavy metals like Zn, Pb, Cu and Cr were found with enrichment factor 10, 15, 32 and 100 times respectively close to the industry on analysis through atomic absorption spectroscopy and alpha spectroscopy. Transport and storage of raw materials, as well as phosphogypsum waste, were the source of contamination. Bituh et al. (2009) studied the radioactive contamination of soil and water by analysing wastewater, phosphogypsum deposits, and final products. Mean 226Ra activity concentration in waste phosphogypsum was measured to be 483 Bq kg -1
. Javied et al. (2011) examined the radiological hazards of technologically enhanced naturally occurring radioactive material (TENORM) in precipitated calcium carbonate (PCC) generated as waste at nitro phosphate fertiliser plant in Pakistan. Activity concentrations of 226Ra, 232Th and 40K in the waste samples were determined to be 273, 32 and 56 Bq kg -1 respectively. The activity concentration of 226Ra in the PCC waste was found to be higher than that in naturally occurring calcium carbonate (limestone and marble). Another study done by Samad et al. (2012) showed the radioactivity level in raw materials, final products, and wastes of phosphate fertiliser factory in Bangladesh. Samples collected from diammonium phosphate (DAP) fertiliser factory showed the average activity concentrations of 226Ra, 232Th and 40K in the final product to be 17. ) in comparison to regular soil. Several studies reported a considerable increase in uranium levels in soil due to long-term use of phosphate fertilisers (Hamamo et al., 1995; Mermut et al., 1996; Yamaguchi et al., 2009 ). Takeda et al. (2006) reported in a study that uranium concentration was increased by 200 mg m -2 after continuous long-term application of synthetic fertilisers in the soils at 0-35 cm depth. This was further strengthened by the study of Alshahri and Alqahtani (2015) , which highlighted that locally available phosphate chemical fertilisers are the source of radioactive elements like uranium, radon and radium in agricultural soils of Saudi Arabia. 
Fertilisers and air environment
Atmospheric pollutants emitted by the fertiliser industry includes gaseous ammonia (NH 3 ) and ammonium salt aerosols, nitric and nitrous oxides (NO x and N 2 O), fluorine (as SiF4 and HF), oxides of sulphur (SO x ), fertiliser dust and acid mists (Singh, 2009 ). Delgado and Mosier (1996) stated that agricultural activities comprise about 70% of all anthropogenic N 2 O emissions, which is one of the potent greenhouse gases and has significant effects on global warming. Air quality problems such as particulate emissions, acidification and greenhouse gas (GHG) emissions are other major problems arising due to fertilisers (Erisman et al., 2011) . Nitrogen fertilisation is considered the primary source of N 2 O emissions (Mosier and Kroeze, 2000) . Abuse of nitrogen fertilisers in agriculture has both direct and indirect effects on trace gas fluxes, particularly on N 2 O and NO emissions (Akiyama et al., 2010; Davidson, 2009; Smith, 1997; Thornton and Valente, 1996) . This nitrous oxide causes ozone destruction consequently leading to atmospheric 'holes', thus exposing humans and animals to excessive ultraviolet radiation (Liu and Greaver, 2009; Merbach et al., 1996) . Natural loss of nitrogen through ammonia volatilisation releases ammonia from fertilised fields which may result in deposition on neighbouring ecosystems, consequently causing damage to vegetation (Cai et al., 2002; Ju et al., 2009) . Some of the NH 3 may be oxidised and converted into nitric acid and causes acid rain by coupling with sulphuric acid (from industrial sources). Acid rain damages vegetation or acidifies lakes, inducing toxicity in fish and plants (Reuss and Johnson, 1986) . Das et al. (2009) , respectively. Datta et al. (2013) h -1 with the highest emission peak occurring after fertilisation. Nitrogen application explained 64.6%-84.5% of the nitrous oxide emission in the vegetable fields. Tirado et al. (2010) highlighted that energy-intensive production and application of nitrogen-synthetic fertilisers significantly contribute to the emission of greenhouse gases, which eventually culminates into climate change. It was estimated that in 2006-2007, GHG emissions from synthetic nitrogen fertiliser in India was approximately 100 Mt of carbon dioxide equivalent. 50% of these emissions resulted from the 11 Mt (48 Mt of CO 2 eq) of synthetic N produced in the country and other 50% resulted from the 14 Mt (51 Mt of CO 2 eq) of N applied to Indian farm soils same year. Thus, emissions from synthetic N fertilisers represented 6% of India's total anthropogenic emissions. Liang et al. (2016) reported increased annual atmospheric nitrogen of ammonia, nitrogen dioxide, nitric acid, ammonium and nitrate deposition in an agricultural region due to heavy usage of nitrogen fertilisers mainly. The total atmospheric nitrogen accumulation was reported 46.4 kg N hac -1 year -1 with 41% of dry deposition solely. Similarly, in China, Kahrl et al. (2010) estimated 400-840 Mt CO 2 eq GHG emission from N fertiliser application in 2005, which was equivalent to 8%-16% of China's energy-related CO 2 emissions. In another study, Xuejun and Fusuo (2011) reported 274 Tg CO 2 eq yr -1 GHG emissions due to production and transport of nitrogen fertiliser whereas 403 Tg CO 2 eq yr -1 GHG emissions from N-fertiliser application which contributed a significant part of total agricultural emissions. Signor and Cerri (2013) evaluated nitrous oxide emissions due to the application of increasing doses of ammonium nitrate and urea in two sugarcane fields. Increase in N doses showed an exponential increase in nitrous oxide emissions which was similar for urea and ammonium nitrate up to a dose of 107.9 kg N ha -1 . But after that, emissions exponentially increased for ammonium nitrate only, whereas for urea they stabilised. At the second site, nitrous oxide emissions were lower in comparison to the first one. Ammonium nitrate-induced emissions showed a positive relationship with nitrogen dose. Ammonium nitrate promotes more intense and faster nitrous oxide emissions than urea. was approximately 100 Mt of carbon dioxide equivalent. 50% of these emissions resulted from the 11 Mt of synthetic N produced in the country and other 50% resulted from the 14 Mt of N applied to Indian farm soils that year. Thus, emissions from synthetic N fertilisers represented 6% of India's total anthropogenic emissions Table 4 Fertilisers and air environment (continued) with 41% of dry deposition solely Seniczak et al. (1998) showed the effects of ammonium-rich air pollution, produced by a nitrogen fertiliser factory on arboreal and soil mites (Acari) in Scots pine forests (Leucobryo-Pinetum). The concentration of nitrogen pollution, high in ammonium cations, in pine bark, epiphytes and soil was highest near the factory and decreased in the direction of the control plot. The density of arboreal mites was significantly lower in high and medium polluted plots, compared to the control plot. Similarly, Pandey (2005) evaluated phytotoxicity due to air pollution by phosphate fertiliser factory. It showed a decrease in plant height, basal diameter, canopy area, leaf area and chlorophyll, ascorbic acid and foliar-N concentrations with increasing pollution load. Air pollution load around the factory have also altered the biomass allocation. Li et al. (2015a) reported emission of hazardous air pollutants like Mn, Se, Ni, and Cr from the manufacturing plants of phosphate fertilisers. Table 4 presents a summary of the studies done by various researchers on fertilisers and air quality degradation.
IWRM for sustainable agriculture: stakeholder decision making
IWRM approach can be used in the broader context of conserving vital ecosystems by taking in account its people-cantered approach for managing different perspective of farmers decision for land use. After its origin in Dublin conference, the concept of IWRM was further discussed in various international organisations platforms including UN-Water conference in Mar del Plata, 1977 (Biswas, 2004 . The UN-Water Development Report (2006, p.526) stated it as "holistic, ecosystem-based approach which, at both strategic and local levels, is the best management approach to address growing water management challenges and is seen as the best approach for meeting the millennium development goals." The scientific study of environmental impact of fertiliser sector provides direction for its integration and stakeholder engagement as the basis for seeking mitigation measures for pollution abatement. This shifts the focus on the perception of stakeholders specifically farmers on their decision of fertiliser consumption. As perception is the driving force behind any decision-making process, there is need to study and utilise the stakeholder involvement as an opportunity for environmental sustainability. It has become imperative to study the cause and effect relationship between fertiliser usage and environmental deterioration at the farm level for a better understanding of the whole process involving farmers (Zalidis et al., 2002) . The combined interactions of various factors whether it is physical, chemical, biological, socioeconomic and political; all have significant impacts on all aspects of environment whether it is water, soil or air. In this study, the relevant literature was divided into domains which are likely to influence farmer's fertiliser use pattern. The rationale to include different context is to give research problem a holistic outlook. These perspectives range from personal behaviour to institutional facilities and extend up to economic benefits and psychological aspects. Table 5 shows the summary of studies done on identifying various drivers for fertiliser use. (2000), Croppenstedt et al. (2003) , Freeman and Omiti (2003) , Fufa and Hassen (2006) , Yilma and Berger (2006), Wei et al. (2007) , ), Olayide et al. (2009 ), Zhou et al. (2010 , Ebenstein et al. (2011 ), Gebrezgabher and Holden (2011 ), Wakeyo and Gardebroek (2011 ), Alabi et al. (2012 , Danso-Abbeam et al. (2014) and Ma et al. (2014) Peer pressure Feder et al. (1985) , Trenkel (1997) and Benett and Cattle (2013) Availability of cash Nunez and Mccann (2004) , Nkonya et al. (2005) , Waithaka et al. (2007) , Wei et al. (2009) and Mózner et al. (2012) Risk aversion attitude Bontems and Thomas (2000) , Genxu et al. (2005) , Zhao (2009), Ma et al. (2014) and Stuart et al. (2014) Labour availability Williams (2005) , Zhou et al. (2010) , Ebenstein et al. (2011 ), Zerfu and Larson (2011 ), Mozner et al. (2012 and Tesfaye et al. (2014) Goal of farming sustenance/commercial Beegle et al. (2000) , Tong et al. (2003) and Zhou et al. (2010) Government-subsidy Duflo et al. (2011 ), Giovanopoulou et al. (2011 and Thuo et al. (2011_ Crop yield Adesina and Forson (1995) and Wei et al. (2009) Manure availability Williams (2005) , Zhou et al. (2010) and Bedada et al. (2014) Credit facility Thuo et al. (2011 ), Alabi et al. (2012 , Stuart et al. (2014) and Tesfaye et al. (2014) Access to irrigation Fufa and Hassen (2006) , Gebrezgabher and Holden (2011), Wakeyo and Gardebroaek (2011) and Aregay and Zhao (2012) Climatic conditions of region Thompson and Warburton (1985) , Cassman et al. (2002) and Stuart et al. (2014) Geographic location of area Macgregor and Warren (2006) and Zhou et al. (2010) Proximity to fertiliser market Ijaimi (1994) , Olayide et al. (2009 ), Amanze et al. (2010 and Zhou et al. (2010) Advice from extension services Alabi et al. (2012) , Martey (2014) and Benett and Cattle (2015) Soil testing facility Williams (2005) , Zhou et al. (2010) and Alabi et al. (2012) Marketing of fertiliser by retailers and distributors Lichtenberg and Zimmermann (1999) Proximity of farm to house Waithaka et al. (2007) , Olayide et al. (2009) and Amanze and Eze (2010) Soil quality Williams (2005) , Zhou et al. (2010) , Mala (2013) and Stuart et al. (2014) Product demand Williams (2005) and Bedada et al. (2014) Type of crop grown Zhou et al. (2010) and Aregay and Zhao (2012) Price of fertilisers Zhou et al. (2010) and Ketema and Bauer (2011) Assured income Thuo et al. (2011) Table 5 Literature review summary of potential drivers for synthetic fertiliser use (continued)
Variables References
Availability of organic fertilisers Jaga and Patel (2012) and Yunju et al. (2012) Awareness about organic fertiliser Bedada et al. (2014) Yield reduction due to organic fertiliser use Badgley et al. (2007) and Tesfaye et al. (2014) Cost of organic fertiliser Kormawa et al. (2003) Impact on human health Ayebo et al. (1997) , Parslow et al. (1997) , Yang et al. (1998) and Ahmed et al. (2011) Impact on soil quality Nagenthirarajah and Thiruchelvam (2008) , Mapila (2011) and Bedada et al. (2014) Impact on water quality Macgregor and Warren (2006) , Barnes et al. (2007) , Posthumus et al. (2008) , Blackstock et al. (2010) , Howden et al. (2013) and Ma et al. (2014) Ownership of land Ijaimi (1994) , Hu (1997) , Olayide et al. (2009) and Zhou et al. (2010) Complementary inputs such as seeds/pesticides etc. Kormawa et al. (2003) and Jaga and Patel (2012) Off-farm income Yilma and Berger (2006) , Wei et al. (2007) , Zhou et al. (2010) , Ebenstein et al. (2011 ), Alabi et al. (2012 , Ma et al. (2014) and Tesfaye et al. (2014) Proximity to market for selling products Ijaimi (1994) and Amanze and Eze (2010) Faith in advisors Stuart et al. (2014) Information accessibility ), Blackstock et al. (2010 ) Alabi et al. (2012 and Stuart et al. (2014) Taxes/incentive on fertiliser use Rougoor et al. (2001) , Ruhl (2001) and Pearce and Koundouri (2003) Technology innovations for agri-environmental information Akudugu et al. (2012 ) Baumüller (2012 , Das et al. (2012 ) Huang et al. (2012 and Genius et al. (2013) 
Socio-demographic and personal factors
The personal demographics and household characteristics play an important role in farmers' decision to use fertiliser. The claim has found mixed conclusions from different studies. This may be attributed to various reasons including intuitive decision making (Duflo et al., 2008) . Age of farmer, education level, family size, off-farm income are some of the attributes which have shown to have both positive and negative relationship with fertiliser usage pattern (Croppenstedt et al., 2003; Ebenstein et al., 2011; Freeman and Omiti, 2003; Fufa and Hassan, 2006; Yilma and Berger, 2006) . Alabi et al. (2012) found that the age, land size, the number of dependents, the degree of education and previous farm experience supports its high usage. On the contrary, highlighted that old age farmers had seen degradation in an environment so far, so they tend to prefer less application of fertilisers. Furthermore, Danso-Abbeam et al. (2014) and Nkamleu and Adesina (2000) reported the significant negative relationship between family size and fertiliser use tendency. Personal preferences of farmers for decision-making are often influenced by peer pressure (Benett and Cattle, 2013; Trenkel, 1997) . Goals and motivations of an individual also have an important role in the process of decision making (Ahnström et al., 2009; Kancans et al., 2008; Maybery et al., 2005) .The goal of farming (commercial or sustenance) as an occupation has found to have a significant relation to the fertiliser usage (Beegle et al., 2000) . Several studies have shown a significant correlation of fertiliser application with farmer's land holdings, income and availability of cash impacting farmer's decision (Mozner et al., 2012; Nunez and Mccann, 2004; Nkonya et al., 2005; Waithaka et al., 2007; Wei et al., 2009) . The practice of higher use by peers influences them to replicate their practices (Feder et al., 1985) . Zhang and Jiujie (2004) also observed a correlation between the fertiliser and agricultural product pricing, expected earnings and regional market forces on farmers' decision of fertiliser application. All the above studies make a mutual consensus that social norms and beliefs prevailing in a community have a direct influence on enhanced fertilisation. Total landholding, farm assets and educational level were found to increase the fertiliser use (Ma et al., 2014; Wakeyo and Gardebroek, 2011) . Han and Zhao (2009) found that experience and risk as an attribute has a positive relationship with fertiliser use while education showed negative influence. On the contrary, risk attitude has been shown to have the neutral effect on fertiliser use by Genxu et al. (2005) . Olayide et al. (2009) reported an inverse relationship between farm size and fertiliser use intensity arguing that smaller farms can be managed more intensively in comparison to larger farms. Ebenstein et al. (2011) reported high synthetic fertiliser use due to labour constraints in China. Household income has a nonlinear relationship with fertiliser use intensity and has been found to be a non-significant driver for fertiliser use. Olayide et al. (2009) reported that family size has a significantly positive influence on fertiliser use, which was supported by studies done by Bamire et al. (2002) and Minot et al. (2000) . The distance of house to farm, on the other hand, has been found to have a negative impact on fertiliser use as it is more convenient to apply fertilisers in farms nearby to the house (Olayide et al., 2009 ). On the contrary, the location of farm showed no relation with fertiliser use behaviour in the study done by Xu et al. (2014) . Off-farm income has been seen to motivate land-holders to use less synthetic fertiliser (Li et al., 1998; Ma et al., 2014) . Extra income from non-agricultural activities has been observed to lead to tend farmers to invest more in inputs (Lamb, 2003) . Temporary land rights encourage farmers for short-term benefits and so use of more synthetic fertilisers (Hu, 1997) . On the contrary, it has also been argued that off-farm income reduces the dependency on agriculture which decreases the fertiliser use intensity (Shi et al., 2011) . Thuo et al. (2011) reported that high education level, large family size and large farm holders prefer to use more fertilisers in comparison to counterparts. Moreover, off-farm income decreases the fertiliser use intensity. Easy access and availability of complementary inputs also affect the use of fertiliser (Duflo et al., 2008) . Labour demand and fertiliser use have been seen negative relationship (Zerfu and Larson, 2011; Ketema and Bauer, 2011) . General awareness of environmental quality due to fertiliser use also influences the use pattern (Ma et al., 2014) . Affordability of high fertiliser prices also enhances the synthetic fertiliser use (Ketema and Bauer, 2011) .
Institutional factors
The institutional assistance in the form of tangible and intangible benefits by the government and other third parties such as NGO's gives farmers a handholding to use more fertilisers. Subsidies (Reardon et al., 1999) and market access (Amanze et al., 2010; Ijaimi, 1994; Olayide et al., 2009; Zhou et al., 2010) act as core influencers on farmers' decision to use heavy dosage of fertiliser. Alabi et al. (2012) and Duflo et al. (2011) revealed that easy credit access further reduces farmers hassle and inclines their intention to use more fertilisers. Using double hurdle model on panel data, Olwande et al. (2009) reported that access to fertiliser markets, credit facilities and accessibility of extension services are the significant influencing factors for fertiliser for smallholder farmers. The claim was also tested by scholars in both developed and developing economies (Green and Ng'ong'ola, 1993; Martey, 2014; Tesfaye et al., 2014) . On the contrary, Hill and Kirwan (2015) found an inverse relationship between fertiliser use and credit access arguing that farmers use loans in other activities instead input purchase. The proximity of the farm to the fertiliser markets made their purchase cycle much more simplified and streamlined, thus influencing the fertiliser usage pattern (Hill and Kirwan, 2015; Tchale and Keyser, 2010) . Lichtenberg and Zimmermann (1999) examined the impact of marketing strategies used in positioning pesticides as an also significant factor in persuading them to use pesticide. Similarly Ogada et al. (2014) also reported a critical role of market opportunities on fertiliser use decisions. Complementary facilities such as irrigation, agrochemical inputs such as pesticides and hybrid seeds are also supporting the use of fertilisers (Gebrezgabher and Holden, 2011; Jaga and Patel, 2012; Wakeyo and Gardebroaek, 2011) . Use of new seeds, at times, is the reason given by farmer for using a high amount of fertiliser (Kaliba et al., 2000) . Aregay and Zhao (2012) found a significant impact of irrigation facilities on fertiliser use decision of farmers. Zhou et al. (2010) empirically tested the positive relationship between irrigation, gains in crop yield and higher earning goals with increased fertiliser application. Agri-environmental and technological know-how among farmers through training and workshops for generating environmental awareness (Adesina and Forson, 1995; Akudugu et al., 2012; Genius et al., 2013; Huang et al., 2012) has been reported to have strong influence on farmers fertiliser usage. Assistance is given in the form of agricultural extension services. These are defined as means to provide technical advice through individual farm visits, organising meetings or demonstrating the appropriate fertilisation method in farmer field schools (Martey, 2014) . On the contrary, Jia et al. (2015) questioned the accountability of agricultural extension services for farmers' knowledge and awareness. Lack of quality of information regarding the negative impact of nitrogenous fertilisers also has been reported as a critical factor for over-adoption of synthetic fertiliser use (Giovanopoulou et al., 2011) . Heavy subsidies on synthetic fertiliser motivate farmers to overuse the synthetic ones over organic fertilisers. Moreover, offering free delivery of fertiliser is also one of the reasons for indiscriminate use of it (Duflo et al., 2011) . Similar result was reported by Wakeyo and Gardebroek (2011) , where fertiliser price and distance to market diminishes the fertiliser use intensity. Low subsidies on nitrate reduction program or agri-environmental schemes were found to be most important factors for applying traditional agricultural practices rather than sustainable ones (Giovanopoulou et al., 2011) . Highly subsidised electricity and water to the agriculture sector is one of the major reasons for high fertiliser and resource use among the farmers of Punjab, India (Johl et al., 2014) . In addition, the use of mobile services also influences the fertilisation pattern. It provides much relevant information related to weather forecasts, market updates, financial services available and farm-specific information (Baumüller, 2012; Blackstock et al., 2010; Das et al., 2012; Patel et al., 2012) . Lack of expert advice has shown to lead the farmers to follow the practices of peers without judgement. Thus, efficient fertiliser use-oriented information services can play a major role in sustainable agriculture (Okoboi and Barungi, 2012; Peterman et al., 2014) . Education, awareness drive and extension services were found to be critical entry points for fertiliser use decision among the farmers (Ma et al., 2014) .
Lack of market-based instruments (taxes, incentives, regulations) is also responsible for high fertilisation practices (Chowdhury and Lacewell, 1996; Howarth et al., 1996; Kraemer et al., 2001; Pearce and Koundouri, 2003; Rougoor et al., 2001) . Shortle et al. (2012) advocate the need for policy reforms that would bring equilibrium between fertiliser usage and yield. The report mentions that stringent measures to drastically curtail the fertiliser usage would impact the output of the crop (Yu et al., 2011) . Ruhl (2001) suggest that combination of regulations, incentives, taxes and trading instruments should be applied according to geographic, demographic and economic conditions of the region.
Economic factors
The economic benefits act as one of the core determinants of the farmer's intention to use excess fertilisers due to their rational profit maximising behaviour (Edwards-Jones, 2007) . The incentives in the form of benefit and subsidies on nitrogen fertiliser are the determining factor for its excessive usage and less consideration for environmental externalities (Spiertz, 2010) . The intent to enhance yield (Adesina and Forson, 1995; Altieri and Nicholls, 2003; Wei et al., 2009 ) and ultimately revenue act as a dominant impulse for the farmers increased adoption. Increasing population has been creating a significant impact on overall demand, thus invoking farmers to multiply their yield capacity by using more fertilisers (Bedada et al., 2014; Williams, 2005) . Economic benefits gained by more use of synthetic fertilisers supersede the input cost and overlook the environmental sustainability (Spiertz, 2010) . Within fertilisers, the organic fertilisers are one of the options available to the farmers as eco-efficient inputs. However, the lesser monetary benefits such as lower yield, fewer profit margins inhibit farmers to adopt organic fertilisers (Badgley et al., 2007; Bedada et al., 2014; Kormawa et al., 2003) . On the contrary, Yunju et al. (2012) highlight the complementary role of organic fertilisers rather than substitutes. The use of fertilisers in the agriculture has been viewed in strengthening the overall farmer's value chain. It fosters the growth of crops and eventually helps farmers to push their products into the market quickly. The early market entry gives them the first mover's advantage and helps them cater to the demand and earn monetary benefits (Kamara, 2004) . This chain of benefits acts as one of the critical drivers of farmer's decision to use excessive fertilisers. The literature reveals another interesting sub-context of monetary benefits that encourages farmer's decision . The land taken up on lease by farmers also influences excess usage owing to cost-benefit analysis (Nkamleu and Adesina, 2000) . Cropping pattern particularly the production of cash crops also influences the demand of synthetic fertilisers (Wakeyo and Gardebroek, 2011; Yunju et al., 2012) . The recent drift in the cropping pattern, i.e., towards the commercial crops because of market demand has been acting as an external force to increase their yield and thus invoking farmers to complement natural raw materials with fertilisers (Mala, 2013; Tong et al., 2003; Zhou et al., 2010) .
Agri-environmental factors
Agro-environmental factors also are critical drivers for deciding fertilisation application rates. Application rate varies with geographical and agro-climatic conditions, viz. weather, temperature, rainfall, slope, soil characteristics, etc., (Cassman et al., 2002; Macgregor and Warren, 2006; Mala, 2013; Thompson and Warburton, 1985) . More rainfall leads to secure access to water and hence cause high fertiliser use intensity (Thuo et al., 2011) . It also depends upon the perception of soil quality of farm by the farmer (Mapila, 2011; Nagenthirarajah and Thiruchelvam, 2008; Wakeyo and Gardebroek, 2011) . Bontems and Thomas (2000) and Ma et al. (2014) highlighted the ability to hedge the risk due to unpredictable climatic change and other reasons also influenced increased fertilisers.
Conclusions and future prospects
In developing economies, especially where agriculture is the main source of livelihood, the resource use efficiency is the critical element of sustainable crop production. The robust institutional arrangement can be instrumental in solving ecosystem services related issues by taking in account the integrated approach for resource management. It has increased pressure on the government for enhancing decision support system for farmers. There is need to develop knowledge and sense of awareness for socio-ecological arena among the farmers. The synergistic consideration of different attributes impacting the farmers' decision on sustainable food production will be instrumental in balancing all three pillars of sustainability, i.e., economic, social and environmental sustainability. The review of the literature suggests that effective management of nutrient pollution can be addressed by integration of multi-attributes causing ill-effect to more than one ecological aspect. The comprehension of causal connection of underlying influences of different factors is essential for long-term sustainability of agricultural production. Besides a range of scientific methods like commercial biological inoculants to enhance nutrient availability, slow-release fertilisers, biofertilisers, etc., an upstream cause of fertiliser-led environmental issues can be dealt by pollution prevention strategy rather than damage control approach.
Global consequences of over-consumption of nitrogen fertiliser particularly have challenged the capacity of natural resources. An optimum maintenance of soil and water provisioning services are required for sustainable agriculture. It has been found from reviewing papers from all over the world including developed and developing economies, that socio-demographic, personal preferences, economic benefits, institutional arrangements and agro-ecological factors are the critical influencers in deciding nutrient management by the farmers. Socio-demographics have been found to have a strong but contradictory relationship with farmers' fertiliser use behaviour. Personal preferences of farmers have also been found to be influenced by socio-economic conditions. A farmer being rational in economic terms overweighs other attributes of sustainability viz. social and environmental. Institutional encouragement through monetary incentives will increase the participation of farmers in agri-environmental programs at the local level, which can be helpful in the effective implementation of IWRM at small scale also. Technological innovations and policy reforms can be instrumental in balancing food security, nutrient management and environmental integrity. Capacity building of farming community can be done by the amalgamation of a scientific approach to local knowledge. The great leap forward is required to understand the decision behaviour of farmers regarding fertiliser use practices. However, more research is needed to manage the trade-off between food security and environmental integrity by involving farmers as decision makers. Future research should be directed towards the formation of balanced strategies for increased food production while safeguarding the natural resources. This can be possible by linking the lessons learned from case studies to take at the global level for the resilience of natural resources without compromising the need for sustainable food production.
